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[57] ABSTRACT 

A Hall element and an ampli?er for amplifying an out 
put generated from the Hall element are formed in a 
GaAs substrate. The Hall element has a current path 
extending at an angle of 45°il0° to a cleavage direc 
tion of a GaAs wafer from which the GaAs substrate is 
formed. The ampli?er comprises amplifying FETs for 
receiving the output generated from the Hall element. 
each of which has a current path extending in the direc 
tion of a crystal axis <0ll>i10°. The ampli?er fur 
ther comprises other semiconductor elements such as 
FETs and resistors, each of which has a current path 
extending in parallel with a dicing line, that is, extend~ 
ing at an angle of :45“ to a cleavage direction of a 
GaAs wafer from which the GaAs substrate is formed. 

6 Claims, 3 Drawing Sheets 
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HALL IC FORMED IN GAAS SUBSTRATE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to a Hall IC (integrated circuit) 

using a GaAs substrate. 
2. Description of the Related Art 
Two types of monolithic Hall ICs using a GaAs sub’ 

strate are known. The ?rst type incorporates a Hall 
element and an ampli?er for amplifying the output of 
the Hall element. The second type is identical to the 
?rst type, except that it further incorporates a Schmitt 
circuit (or the like) for subjecting the output of such an 
ampli?er to A/D (analog-to-digital) conversion. The 
second type is disclosed by, for example, Published 
Unexamined Japanese Patent Application No. 
62-113016, published May 23, 1987. 

If the GaAs substrate is diced with a blade in the 
forward mesa direction, chipping of the substrate and 
/or zigzag cutting thereof will easily occur. Here, the 
forward mesa direction corresponds to the direction of 
a crystal axis <O1T>. If the GaAs substrate is etched or 
diced in the forward mesa direction in the cleavage 
plane, the cross section of the crystal structure shows a 
trapezoid having an upside and a base longer than the 
upside. On the other hand, the reverse mesa direction 
corresponds to the direction ofa crystal axis <O?>. If 
the substrate is etched or diced in the reverse mesa 
direction in the cleavage plane, the cross section of the 
crystal structure shows a reverse trapezoid having an 
upside and a base shorter than the upside. To avoid 
chipping or zigzag cutting, to make the required area of 
a pellet smaller, the pellet is usually diced at an angle of 
i45° to the cleavage direction. Further, to enhance the 
intensity of integration, FETs (Field Effect Transistors) 
and resistors have current paths extending in parallel 
with dicing lines formed in the substrate, that is, extend 
ing at an angle of i45° to the cleavage direction. 
However, in the above-described conventional art, it 

is dif?cult to enhance the conductance (gm) of amplify 
ing FETs, serving as a part of the ampli?er, for receiv 
ing the output of the Hall element. This is because of the 
following: 
The conductance (gm) is increased by shortening the 

gate length of a FET. However, if the FET has a cur 
rent path extending in the direction of a crystal axis 
<0l0> or <OOI>, the conductance reaches a maxi 
mum value when the gate length is about 2 pm. Thus, 
the gain of the ampli?er and hence the output voltage 

‘ thereof cannot be further increased. Also the minimum 
magnetic force the device can detect cannot be further 
lowered. More speci?cally, if the magnetic ?eld inten 
sity is 1K gauss, and the output voltage of the Hall 
element (sensor) is 100 mV, the gain of the ampli?er is 
about 10, and therefore the output voltage of the ampli‘ 
?er is only about 1 V only. This may cause erroneous 
operational of an operation ampli?er, if it is connected 
to the output terminal of the ampli?er. Alternatively, if 
an A/D converter is connected to the output terminal 
of the ampli?er, the minimum magnetic force the device 
can detect is as large as about 300 gauss. That is, the 
device cannot detect a magnetic ?eld of low intensity. 

SUMMARY OF THE INVENTION 

It is the object of the invention to provide a Hall IC 
which has an ampli?er section having an increased gain, 
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2 
and hence can output high voltage or show high sensi 
tivity to a magnetic ?eld. 
To attain the object, the present invention comprises 

a GaAs substrate; a Hall element formed in the GaAs 
substrate; and an ampli?er, formed in the GaAs sub 
strate, for amplifying an output from the Hall element, 
and having amplifying FETs for receiving the output 
from the Hall element, and semiconductor elements 
connected to the amplifying FETs, the amplifying 
FETs each having a current path extending in the direc 
tion of a crystal axis <O1l> +10”, the semiconductor 
elements each having a current path extending at an 
angle of 45°il0° to a cleavage direction of a GaAs 
wafer from which the GaAs substrate is formed. 

In this way, the current paths of the Hall element, 
semiconductor elements such as resistors and FETs 
other than the amplifying FETs extend in parallel with 
dicing lines at an angle of 45°il0° to the cleavage 
direction (:t 10“ is a range within which the characteris 
tics can remain unchanged even if a mask shift or some 
other problem occurs during the manufacturing of ICs), 
while only the current paths of the amplifying FETs 
extend in the direction of the crystal axis <O1T> :10“ 
(110° is provided for the same purpose as above). By 
virtue this structure, the elements can be aligned with 
high accuracy, thereby enhancing the intensity of inte 
gration of thereof, and also the adverse effect which 
may be made on the conductance (gm) of a FET by 
shortening the gate length thereof can be prevented. As 
a result, the output of the ampli?er is increased, and in 
a case where the output is subjected to A/D conver 
sion, the sensitivity to the magnetic ?eld is increased. 
Moreover, if the dicing lines are formed in a pellet at an 
angle of 45°il0° to the cleavage direction, the pellet 
can be used without waste due to chipping or zig-zag 
cutting with a blade. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and in 
part will be obvious from the description or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and ob 
tained by means of the instrumentalities and combina 
tions particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorpo 
rated in and constitute a part of the speci?cation, illus 
trate a presently preferred embodiment of the invention, 
and together with the general description given above 
and the detailed description of the preferred embodi 
ment given below, serve to explain the principles of the 
invention. 
FIG. 1 is a circuit diagram showing an arrangement 

of a Hall IC according to an embodiment of the inven 
tion; 
FIG. 2 is a perspective view of a GaAs substrate and 

FETs formed therein, useful in explaining directions of 
conduction of the FETs; 
FIG. 3 is a plan view of a GaAs substrate and FETs 

formed therein, useful in explaining an arrangement of 
an essential part of the FETs which form the circuit 
shown in FIG. 1; and 
FIG. 4 is a graph, useful in comparing the relation 

ship between the gate length ofa conventional amplify 
ing FET and the conductance (gm) thereof with that 
between the gate length of the amplifying FET of the 
invention and the conductance thereof. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

This invention will now be described in detail with 
reference to the drawings showing an embodiment 
thereof. 
FIG. 1 shows a circuit showing an arrangement of 

the Hall IC according to the embodiment of the inven 
tion. A current path of a Hall element 11 is connected 
between a power source Vcc and a ground GND, and 
supplies an output signal to an ampli?er 12. The ampli 
?er 12 has an amplifying part 12-1 comprising amplify 
ing FETs l3 and 14 for receiving the signals output 
from the Hall element 11, resistors 15 and 16 serving as 
loads, and a FET 17 serving as a constant current 
source. The FETs 13 and 14 have respective gates con 
nected to the Hall element 11, respective drains, and a 
common source. The resistors 15 and 16 are connected 
between the drains of the FETs and the power source 
Vcc, respectively. The FET 17 has a current path con 
nected between the common source of the amplifying 
FETs 13 and 14 and the ground GND, and a gate con 
nected to the ground GND. The ampli?er 12 also has an 
output part 12-2 to be supplied with the signal output 
from the amplifying part 124, and comprising a FET 
18, a diode 19, and a resistor 20. The current path of the 
FET 18, diode l9, and resistor 20 are connected in series 
between the power source Vcc and ground GND. The 
gate ofthe FET 18 is connected to thejunction between 
the drain of the FET 14 and one end of the resistor 16. 
An output terminal 21 has an end connected between 
the cathode of the diode 19 and resistor 20, and the 
other end connected to an input terminal of an A/D 
converter (or operation ampli?er) 22 for subjecting the 
output signal from the ampli?er 12 to A/D conversion, 
or amplifying the same, and outputting a signal DV 
indicative of the former. 
FIG. 2 is a view useful in explaining an arrangement, 

that is, directions of conduction, of FETs formed in a 
GaAs substrate 23. FETs Ql-Q4, which have respec 
tive current paths extending in different directions, are 
formed in a main surface having Miller indices (100) of 
the substrate 23. Speci?cally, the current paths of the 
FETs Ql-Q4 extend in the directions of a crystal axis 
<Oll>, a crystal axis <OlI>, a crystal axis <Ol0>, 
and a crystal axis <O0I>, respectively. The broken 
lines 24 and 25 indicate the forward mesa direction, and 
the reverse mesa direction, respectively. 

In the circuit shown FIG. 1, only the current paths of 
the amplifying FETs 13 and 14 extend in the same direc 
tion as that of the FET Q2, that is, in the direction ofthe 
crystal axis <O1I>, while the current paths of the 
other semiconductor elements, such as the Hall element 
11, FETs 17 and 18, resistors 15, 16, and 20, diode 19, 
and those FETs, resistors, and diodes which form the 
A/ D converter (or operation ampli?er) 22 extend in the 
same direction as that of the FET Q3 or Q4, that is, in 
the direction of the crystal axis <Ol0> or <OOI>. 
The arrangement of the above-described elements 

will now be explained in detail with reference to FIG. 3. 
FIG. 3 is a plan view of a GaAs substrate and FETs 
formed therein, useful in explaining an arrangement of 
an essential part of the FETs which form the circuit 
shown in FIG. 1. For easy understanding of the direc 
tions of the current paths of the elements, the elements 
shown in FIG. 3 do not correspond to those shown in 
FIG. 1 in an exact manner, but the wiring layers are 
omitted from FIG. 3. A wafer, having a main surface 
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(100) and made of GaAs, is diced with a blade along 
dicing lines 26, thereby forming GaAs substrates (chips) 
23. Dicing lines 26, along which the wafer is diced, are 
formed on the wafer at angles of i45°, to the cleavage 
directions indicated by arrows A1 and A2, in order to 
eliminate waste due to chipping or zigzag cutting done 
with the dicing blade. That side of the substrate 23 
indicated by arrow A3 is a Miller indices (010), and that 
side ofthe substrate 23 indicated by arrow A4 is a Miller 
indices (OOI). The Hall element 11, ampli?er 12, A/D 
converter (or operation ampli?er) 22, which are shown 
in FIG. 1, are formed monolithically in the main surface 
(100) of the GaAs substrate 23, which can have well 
regions and the like formed therein. The current paths 
of the FETs 17 and 18 of the ampli?er 12, resistors 15, 
16, and 20, diode 19, and those FETs, resistors, and 
diodes which form the A/D converter (or operation 
ampli?er) 22 extend parallel with the dicing lines 26, 
i.e., at an angle of i45° to the cleavage directions, thus 
enhancing the intensity of integration of elements. In 
FIG. 3, Q5-Q10 represent a plan pattern which corre 
sponds to the FETs Q3 and Q4 shown in FIG. 2 of the 
FETs 17 and 18, and the FET constituting the A/D 
converter 22, while R1 and R2 represent a plan pattern 
of the resistors 15, 16, and 20 and the resistors constitut 
ing the A/D converter 22. Only the direction of con 
duction of the amplifying FETs 13 and 14, which corre 
sponds to that of the FET Q2 shown in FIG. 2, is 
<O1I> il0° where i 10° is a range within which the 
characteristics can remain unchanged even if a mask 
shift or some other problem occurs during the manufac 
turing of ICs, and preferably the current paths extend in 
the direction of the crystal axis <OlI>. Pl-P4 repre 
sent bonding pads for inputting and outputting data. 
The bonding pads P1-P4, resistors R1 and R2, FETs 
Q5-Ql0, Hall element 11, and amplifying FETs 13 and 
14 are selectively connected to one another by wiring 
layers (not shown), thereby forming the circuit shown 
in FIG. 1. 
As is shown in FIG. 4, the conductance (gm) of the 

conventional amplifying FET, which has a current path 
exten_ding in the direction ofthe crystal axis <Ol0> or 
<O0l >, reaches its maximum at a gate length of about 
2 pm, whereas the conductance (gm) ofa FET, which 
is used as the amplifying FETs 13 and 14, in the present 
invention, increases in inverse proportion to the gate 
length until the gate length decreases to 1 pm, since the 
FET has a current path extending in the direction ofthe 
crystal axis <OlI>. Thus, the conventional ampli?er 
can provide a gain of about only 10. On the other hand, 
the ampli?er 12 according to the present invention can 
provide a maximum gain of about 20, if the gate length 
of the amplifying FETs 13 and 14 is set to 1 pm. As a 
result, the output of the Hall element 11, obtained after 
ampli?cation, can be increased to 2V which is twice of 
that of the conventional one, and if the A/ D converter 
22 is connected to the output terminal 21 of the ampli 
?er 12, as is shown in FIG. 1, the minimum magnetic 
force the device ofthe present invention can detect, can 
be lowered to 100 gauss, which is a third of that which 
the conventional device can detect. Further, in the 
present invention, the dicing lines 26 are formed at 
angles of 145° to the cleavage direction, and the semi 
conductor elements other than the amplifying FETs 13 
and 14 are arranged in parallel with the dicing lines 26, 
i.e., the directions of the crystal axes <Ol0> and 
<OO1>, which eliminates waste due to chipping or 
zigzag cutting, and also prevents a reduction in the 
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intensity of integration due to a reduction in the align 
ment of the elements. 
Although the present invention is explained referring 

to the Hall 1C formed in the GaAs substrate, it can be 
also applied to GaAs ICs which operate at high speed, 
or are used for optical communication. In these cases, 
the FETs incorporated in a circuit in which a static 
operation is performed, such as a biasing circuit, have 
current paths extending in the direction of the crystal 
axis <0l0> or <OOT>, while the FETs incorporated 
in a circuit in which a dynamic operation is performed, 
such as an amplifying circuit of an input section, or an 
output driving section, have current paths extending in 
the direction of the crystal axis <O1T>. 
As is described above, only the current paths of the 

amplifying FETs of the amplifier, incorporated in the 
monolithic Hall IC formed in the GaAs substrate, ex 
tend in the direction of the crystal axis <01T>il0°, 
which increases the gain of the amplifier and the output 
of the Hall element, obtained after amplification. As a 
result, erroneous operation can be prevented which 
may be caused if an operation amplifier is connected to 
an output terminal of the ampli?er, while the minimum 
magnetic force which can be detected is lowered, i.e., a 
magnetic field of low intensity can be detected, if an 
A/D converter is connected to the output terminal of 
the amplifier. In addition to the above, the dicing lines 
and the current paths of semiconductor elements, such 
as FETs other than the amplifying FETs of the ampli 
?er, extend in the direction of the crystal axis <0l0> 
or <O0T>, which enables the pellet to be used without 
waste due to chipping, and also prevents the lowering 
of the alignment ofthe elements and hence the intensity 
of integration thereof. 
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6 
What is claimed is: 
1. A Hall IC comprising: 
a GaAs substrate; 
a Hall element formed in the GaAs substrate; and 
an amplifier formed in the GaAs substrate, for ampli 

fying an output from the Hall element, the ampli 
?er having amplifying PETS for receiving the out 
put from the Hall element, and semiconductor 
elements connected to the amplifying FETs, 

the amplifying PETS each having a current path 
extending in the direction of a crystal axis 
<01l>;+:l0 , the semiconductor elements each 
having a current path extending at an angle of 
45°: 10° to a cleavage direction of a GaAs wafer 
from which said GaAs substrate is formed. 

2. The Hall IC according to claim 1, wherein the 
GaAs substrate is diced with a blade at an angle of 
45°1- 10° to a cleavage direction of a GaAs wafer from 
which said GaAs substrate is formed. 

3. The Hall IC according to claim 2, wherein the 
GaAs substrate is diced with a blade in the directions of 
axes <OOT> and <0l0>. 

4, The Hall IC according to claim 1, wherein the Hall 
element has a current path extending at an angle of 
45°:t10" to a cleavage direction of a GaAs wafer from 
which said GaAs substrate is formed. 

5. The Hall IC according to claim 1, further compris 
ing an A/D converter, formed in the GaAs substrate, 
for subjecting an output, generated from the ampli?er, 
to analog-to-digital conversion, 

6. The Hall IC according to claim 1, further compris 
ing an operation amplifier, formed in the GaAs sub 
strate, for amplifying an output generated from the 
amplifier. 

* 1k * * * 
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